Successful reduction of death and euthanasia rates requires the determination of factors related to death and euthanasia of cats in shelters. In the period from 2011 to 2015, 474 cats died and 240 had to be euthanized for health reasons in the three cat shelters monitored in our study. Altogether, death was the ultimate outcome for 33% of the cats admitted in the shelters. Out of the cats that died, 67.3% cats died within the first month and 95.4% within 6 months of admission to the shelter. Similarly, 65.0% of all euthanized cats were euthanized within the first month and 88.3% were euthanized within 6 months of admission. Since the majority of mortalities occurred shortly after admission, they more probably resulted from the cats' poor condition at the time of admission rather than from the shelter's environment. Females and cats younger than 6 months were at an increased risk of mortality. Autumn and summer were the seasons with the majority of fatalities. In general, the number of cats that died was almost double the number of cats that were euthanized; this suggests that attempts to cure cats were favoured over euthanasia, even in cases of serious health problems. In the fields of cat welfare and veterinary healthcare, the results enable increased attention to be focused on the determined risk factors and thus are an important prerequisite for a successful solution to the problem of the high number of deaths and instances of euthanasia of cats in shelters.
Millions of cats and dogs are annually impounded in animal shelters worldwide and the main fate of these captured animals is euthanasia. The number of dogs and cats annually euthanized in the United States has been estimated at between 5 million and 17 million (Carter 1990; Rowan 1992; Arkow 1994; Patronek et al. 1996) . Other authors have estimated that between one tenth and one quarter of the companion animal population is destroyed each year, making euthanasia the leading cause of death in companion animals (Nassar et al. 1984) . In 2003, 76,321 (57%) cats were euthanized in Michigan shelters alone with the estimated ratio of euthanized cats to cats who had owners to be 3.1% (Bartlett et al. 2005) . Also in Australia, more than half of the stray and unwanted cats admitted to animal shelters are euthanized (Alberthsen et al. 2013) . In Japan, 93% out of 164,308 cats admitted to animal shelters were euthanized in 2010; the number remaining largely unchanged for a long time (Onodera et al. 2014) . The majority of shelter cats are euthanized due to overcrowding. The management of unwanted cats, in particular the large-scale euthanasia of often healthy cats, raises ethical issues (Rogelberg et al. 2007; Baran et al. 2009 ) and is of increasing concern to the community.
In some countries, laws prohibiting euthanasia of healthy animals are in force. In 2008, the State of São Paulo, Brazil, approved a law that regulates the use of the euthanasia of captured dogs and cats. With this new legislation, culling is no longer considered an acceptable control strategy, but reserved for reduction of suffering and the removal of aggressive animals, leaving only sterilization and adoption as remaining strategies for stray animal control (Ardila Galvis et al. 2015) . However, even in this case the main fate of captured animals (cats and dogs) kept in the zoonosis control centres in Votorantim was euthanasia (44.3%) and adoption the second (30.4%). Among euthanized animals, many were killed on the first day of capture because they were in a condition of extreme suffering (due to fights, disease, been run over by a car, or for other health-related reasons). The other most frequent fate of the animals captured was death due to injury or disease. Infectious diseases are a major problem within many cat shelters (Cave et al. 2002) . As several studies have indicated, the likelihood that a cat will contract an infection is significantly impacted by their length of time in a shelter (Pedersen et al. 2004; Dinnage et al. 2009 ). However, a study analyzing the risk of mortality in cats kept at the adoption centres of a UK cat charity revealed that the risk of mortality decreased as the time in the adoption centre increased (Murray et al. 2008) . Based on retrospective data collected for 194 cases (cats that died or were euthanized) and 320 controls (cats that did not die) an increased risk of mortality was found for cats admitted to adoption centres unneutered, in poor health, and cats born at adoption centres. Cats aged 7 weeks or less and cats aged over 7 years were at an increased mortality risk compared to cats of other ages. Cats with disabilities (such as blindness) were at a higher mortality risk than cats without disabilities. A higher survival rate was found in a survey of cat shelters in Sweden where less than 10% of the relinquished cats were euthanized (Eriksson et al. 2009 ). Management optimizing the health of shelter cats and minimizing the introduction of infectious diseases in the face of a constantly changing population, potential overcrowding, and limited funds, remains a major challenge in shelter medicine (Litster et al. 2011) . Knowledge of the risk factors can inform intervention strategies aimed at reducing the risk of cat mortality at adoption centres (Murray et al. 2008) .
The Czech Republic is one of the countries where no healthy animals can be destroyed. The only legal justifications for euthanasia of stray animals are weakness, terminal illness, serious injury, genetic or congenital defect, overall exhaustion or old age of the animal, when survival would entail permanent suffering for the animal (Voslarova and Passantino 2012) . The aim of the study was to analyze the records of the death and euthanasia rates of cats in Czech cat shelters in the period from 2011 to 2015.
Materials and Methods
The subjects of this retrospective study were cats impounded in three cat shelters situated in different regions of the Czech Republic. Out of a total of 2,170 cats, further analysis was performed on cats that died or had to be euthanized due to health reasons in the period from January 1, 2011, to December 31, 2015.
Male and female categories were used to determine sex. Based on the estimated or known ages, cats were divided into three age categories: cats younger than 6 months, cats aged 6 months to 50 months, and cats older than 50 months.
In order to determine the development and seasonal differences in cat deaths, the year of unassisted death or euthanasia (2011) (2012) (2013) (2014) (2015) , season (spring, summer, autumn, winter) and month of unassisted death or euthanasia were analyzed. In other words, numbers of cats that died or that were euthanized in individual years, seasons and months were determined. The numbers of cats that died or were euthanized in the shelters were also analyzed in relation to the time of death or euthanasia after admission.
Furthermore, the length of stay (LOS) of each cat was calculated. The LOS, in days, was the difference between the intake date and the date when the cat died or had to be euthanized due to health reasons.
The results were analyzed using the statistical package Unistat 5.6. (Unistat Ltd., London, England). Four independent variables were constructed from the shelter's original information regarding dead and euthanized cats: sex (2 levels: male, female) and age (3 levels: < 6 months, 6-50 months, > 50 months), year of death (5 levels: 2011, 2012, 2013, 2014, 2015) , and season of death (4 levels: spring, summer, autumn, winter). First of all, the actual counts and relative frequencies (actual counts / total counts) of cats in all categories according to the monitored independent variables were calculated, and differences among these categories were tested. Actual and relative frequencies of dead and euthanized cats were determined also for individual months in the entire period of 2011-2015 and then mutually compared. Frequencies were compared on the basis of a chi-square analysis of k × m and 2 × 2 contingency tables (Z a r 1999). In the process of LOS analysis, normality was checked using the Kolmogorov-Smirnov test (Z a r 1999). As data were not distributed normally, non-parametric methods were used for testing. The effects of sex and age as independent variables on LOS as a dependent variable were analyzed. For LOS, the median was calculated for each level of the monitored independent variables. The effect of sex (2 level variable) was analyzed using two-tailed Mann-Whitney U test. The effect of age was analyzed by means of Kruskal-Wallis ANOVA and subsequently by non-parametric Tukey-type test using mean ranks (Zar 1999) as post hoc test for pairwise comparisons. A P-value < 0.05 was considered as significant.
Results
In the period from 2011 to 2015, 474 cats died and 240 had to be euthanized for health reasons. Altogether, death was the ultimate outcome for 33% of cats admitted in the shelters. Year and seasonal variations in the monitored period are given in Table 1 . Death rates were consistent in individual years of the monitored period whereas significantly higher (P < 0.001) euthanasia rates were found in 2013 and 2014. Autumn and summer were the seasons with the majority of fatalities, 45.6% deaths and 33.8% euthanasias occurred in autumn and 34.6% deaths and 29.5% euthanasias occurred in summer.
Monthly variations in cat death and euthanasia rates are given in Fig. 1 . The month with the highest death and euthanasia rates was October. In contrast, April was the month with the lowest death and euthanasia rates. Death and euthanasia rates were equal in individual months besides March when more cats were euthanized than died and September and November when more cats died than were euthanized.
The numbers of cats that died and were euthanized in the shelters in relation to the time after their admission are given in Table 2 . Out of the cats that died, 319 (67.3%) of them died within the first month and 95.4% of deaths occurred within 6 months after admission to the shelter. Similarly, 65.0% of all euthanized cats were euthanized within the first month and 88.3% of euthanasias were carried out within 6 months of admission.
Sex and age were recorded for 93.1% and 95.2% of the dead cats, respectively. The sex and age of dead cats and their median LOS are presented in Table 3 . Significantly (P < 0.001) more females than males died or had to be euthanized in the shelters. In the cats that died, the median LOS of females was significantly (P < 0.001) shorter compared 111 to the LOS of males. In euthanized cats, no difference was found between the LOS of males and females. Among the dead cats, those younger than 6 months predominated and accounted for 73.7% of cats that died and 59.5% of euthanized cats. The shortest median LOS was found in cats older than 50 months. It was significantly shorter compared to the LOS of both younger categories.
Discussion
Ideally, no healthy, adoptable animal should be euthanized and most shelters strive to attain this goal. However, euthanasia will always be necessary for old and dying animals that are suffering (Bartlett et al. 2005 ). In the case of the shelters monitored in our study it is actually questionable whether euthanasia might have been applied more frequently in order to avoid prolonged suffering of cats before death. The number of cats that died was almost twice the number of cats that were euthanized. In a situation where the animal is seriously injured or ill with potentially reduced animal welfare, responsible shelter personnel or veterinarian need to consider treatment options or euthanasia. Euthanizing animals was established as a major stressor for personnel in animal shelters where euthanasia is performed on the basis of factors other than behaviour and health reasons (Rogelberg et al. 2007; Baran et al. 2009; Scotney et al. 2015) . However, even if euthanasia was performed on medical grounds, concern over animal death was associated with reported traumatic stress. The mean level of stress reported by workers whose occupations required euthanizing animals did not vary across occupation, even though the reasons given for euthanasia did vary depending on context (Rohlf and Bennett 2005) . Supposedly, it is not a popular decision even in cases of injured and ill animals and might be intentionally or subconsciously delayed by the responsible person. The health status of each cat should be assessed objectively, preferably by a veterinarian at the time of admission. Murray et al. (2008) found an increased risk of mortality in cats admitted to adoption centres in poor health. The medical records of 364 kittens taken into PAWS Chicago Adoption Centre in 2008 showed that only 104 (28.5%) had no abnormalities identified in a physical examination performed by the shelter veterinarian at the time of intake (Litster et al. 2011) . Our results suggest that a relatively high percentage of cats enter shelters in a very poor condition. Out of admitted cats, 21.9% were either euthanized or died within the first month of admission. Similarly, many animals were euthanized because they were in a condition of extreme suffering at admission to the zoonosis control centres in Votorantim. The mean survival time of animals that were euthanized was 20 days, and the median was 9 days from the date of capture to the date of euthanasia (Ardila et al. 2015) . The other most frequent fates of animals captured were death due to injury or disease. In our study, the death rates were more or less double the euthanasia rates in the first four months after admission. Again, it might be the result of attempts to cure animals that should have been euthanized earlier instead. In such cases euthanasia should be considered as a humane relief of suffering in contrast with the prolonged suffering of animals that are kept alive in spite of their incurable health problems.
The majority of deaths and euthanasias occurred within four months after admission. Out of all fatalities, only 7.6% cats died and 17.1% were euthanized more than four months Table 3 . Number of cats that died and cats that were euthanized in the shelters and their length of stay (LOS) by sex and age. after admission. Our results are in agreement with the results of a study analyzing the risk of mortality in cats kept at the adoption centres of a UK cat charity. Murray et al. (2008) reported that the risk of mortality decreased as the time in the adoption centre increased. The increasing risk of contracting an infection for cats staying longer in shelters found in other studies (Pedersen et al. 2004; Dinnage et al. 2009 ) did not seem to affect the mortality rate in the shelters monitored in our study. It can be assumed that the shelters in our study adopted effective methods of reducing the exposure of cats to infectious diseases. It is virtually impossible to prevent the entry of infectious diseases into rescue facilities and shelters; hence it is essential that buildings and management practices are designed so as to limit their spreading (Sturgess 2007) .
Monthly and seasonal variations in mortality rates reflect the seasonality of cat admissions. The increase in the intake of kittens following the feline breeding season (Rinzin et al. 2008; Alberthsen et al. 2016 ) is likely to be responsible for the increase in death and mortality rates in shelter cats in summer and autumn. It is in agreement with our findings that most deaths and euthanasias occurred shortly after admission.
Significantly more females than males died or had to be euthanized in the shelters. Even when the common overrepresentation of female cats in shelters (Lepper et al. 2002; Wallace and Levy 2006; Alberthsen et al. 2016 ) is considered, the female to male sex ratio among dead cats was greater in comparison with the sex ratio of cats admitted to the monitored shelters. Considering the mortality rate and median LOS, our results suggest that females are admitted to shelters in a worse condition than males and that males have a higher survival rate.
Death and euthanasia rates also varied with the age of cats. Cats younger than 6 months accounted for 73.7% of the cats that died and 59.5% of euthanized cats. Compared to cat admissions, more than one third of the cats admitted to the monitored shelters at an age of less than 6 months died or had to be euthanized. A high death rate is more likely to be expected in feral kittens (Levy et al. 2003) rather than in those under intensive human care. Further research is needed to establish what reasons are responsible for such high mortality rates in kittens and juvenile cats in shelters. Besides poor condition at the time of admission and an inability to raise orphaned neonatal kittens it might be also due to an increased susceptibility to infectious diseases in young cats, whose immune system is not yet fully developed. Murray et al. (2008) reported that not only cats aged 7 weeks or less and cats born at adoption centres, but also cats aged over 7 years are at an increased mortality risk compared to cats of other ages. In our study, the death and euthanasia of cats older than 50 months was not so frequent, however, their median LOS was significantly shorter in comparison to the LOS of both younger categories. The median time to euthanasia of cats older than 50 months (0 days) may mean that at intake, the persons responsible were more ready to euthanize older cats than younger ones.
In conclusion, 33% of the cats admitted to the shelters monitored in our study died or had to be euthanized for health reasons. It is within the range of published death rates in comparable shelters varying from less than 10% in Sweden (Eriksson et al. 2009 ) to 40% in Brazil (Ardila Galvis et al. 2015) . A limitation of this study as well as other shelter studies is the lack of medical records but most shelters do not have the resources for diagnostic testing nor post mortem examination. However, since the majority of mortalities occurred shortly after admission, it is more likely that they resulted from the poor condition of the cats at the time of admission than from the shelter's environment. Females and cats younger than 6 months had an increased risk of mortality. In autumn and summer, shelter operators face increased death and euthanasia rates and supposedly also related costs for the treatment of cats prior to death. In general, the number of cats that died was almost double the number of cats that were euthanized suggesting that attempts to cure cats were preferred over euthanasia even in cases of serious health problems.
